Purpose: The aim of this study was to evaluate the efficacy and tolerability of, and compliance to, preservative-free (PF), fixed-combination (FC) bimatoprost 0.03%/timolol 0.5% in patients with primary open-angle glaucoma or ocular hypertension in a clinical practice setting.
Introduction
Glaucoma is a leading cause of blindness, accounting for ~12% of cases globally and 18%-20% of all cases in Europe. 1 Primary open-angle glaucoma (POAG) is the most common form of this disease, with prevalence ranging from 0.03% to 20%, as determined by an epidemiological analysis of studies spanning 42 years on glaucoma prevalence. 2 Visual impairment due to glaucoma significantly reduces patients' quality of life; individuals with glaucoma are three times more likely to report difficulty with submit your manuscript | www.dovepress.com
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pfennigsdorf et al activities of daily life (such as reading, walking down steps, and driving) compared with individuals without glaucoma. 3, 4 Glaucoma therapies frequently contain preservatives, such as SofZia ® , Purite ® , Polyquad ® , and benzalkonium chloride, that can negatively affect the ocular surface, particularly in patients with preexisting ocular surface disease (OSD), such as dry eye disease and meibomian gland dysfunction. 5 The risk of OSD increases with the treatment duration and the number of antiglaucoma medications taken; 30% of patients under long-term treatment for glaucoma or ocular hypertension (OHT) exhibited signs of mild OSD, while a further 21% exhibited signs of moderate-to-severe OSD. 6, 7 An observational study of 516 patients determined that 40% of patients with glaucoma experienced treatment modifications due to ocular surface intolerances and demonstrated that intolerance to antiglaucoma treatment can interfere with glaucoma management and outcome. 7 Ocular discomfort, burning, stinging, and foreign body and dry eye sensations are significantly less frequent in patients using preservativefree (PF) glaucoma therapies compared with those containing preservatives. 8 Factors indicating that a patient may benefit from PF therapy include a known allergy to the preservative, Sjögren's syndrome, severe dry eye disease, atopic dermatitis and rosacea, a need for concomitant topical therapy, long life expectancy, blepharitis or meibomian gland dysfunction, intolerance to preservative, and a high risk of needing surgical intervention. 5 Prostaglandin analog (PGA) monotherapy is a first-line treatment option for many patients with glaucoma owing to its intraocular pressure (IOP)-lowering efficacy, lack of systemic side effects, and once-daily dosing requirement. 9 While monotherapy may be sufficient in some cases, many patients have inadequately controlled IOP on monotherapy and require combination treatment, which may be associated with increased adverse events (AEs) and poor compliance. [10] [11] [12] Fixed-combination (FC) therapies are associated with better efficacy, compliance and tolerability, reduced risk of preservative-related ocular surface symptoms, elimination of washout associated with insufficient time between instillations, and improved quality of life compared with separate products. [12] [13] [14] Considering the high quality of life and financial costs of an increasing population of patients with glaucoma, effective and tolerable glaucoma therapies are necessary to accommodate all patients.
In patients whose IOP was inadequately controlled with prior therapy, FC bimatoprost 0.03%/timolol 0.5% (GANFORT ® ; Allergan, Inc., Irvine, CA, USA) has been shown to significantly improve IOP in randomized controlled trials and observational studies. 15, 16 In an analysis of a large population of patients with glaucoma (n=5,556) from five combined studies, FC bimatoprost 0.03%/timolol 0.5% achieved consistent IOP lowering in both patients who were previously treated and those who were naïve to treatment. 17 PF FC bimatoprost 0.03%/timolol 0.5% (GANFORT ® UD; Allergan, Inc.) was developed to address the need for PF glaucoma treatment in patients who are intolerant to preservatives and who require additional IOP lowering above that provided by PGA monotherapy. In a randomized, double-blind clinical trial, PF FC bimatoprost 0.03%/timolol 0.5% was associated with reductions in IOP comparable with those achieved with the preserved formulation over 12 weeks of treatment. 18 The objective of this study was to evaluate the efficacy and tolerability of PF FC bimatoprost 0.03%/timolol 0.5% in patients with POAG or OHT and compliance to therapy in a clinical practice setting.
Patients and methods participants
Patients were required to have a diagnosis of POAG or OHT and an IOP of 18 mmHg in at least one eye. The eye with higher IOP at baseline was deemed to be the study eye for the purpose of data analysis. If IOP at baseline was the same in both eyes, then the right eye was selected as the study eye for data analysis. Patients were required to have been previously prescribed topical IOP-lowering therapy but with insufficient IOP control prior to the start of the study. There were no formal exclusion criteria for this study, and patients were prescribed PF FC bimatoprost 0.03%/timolol 0.5% at the discretion of their treating physician, following their usual clinical practice. Treatment was guided by the PF FC bimatoprost 0.03%/timolol 0.5% Summary of Product Characteristics, which recommends that one drop is administered once daily to each affected eye. 19 Investigators were guided by the contraindications, warnings, and guidance on pregnancy and lactation specified in the Summary of Product Characteristics for PF FC bimatoprost 0.03%/timolol 0.5%.
Study design
This was a prospective, observational, open-label, 12-week study (NCT01999348) in which data were collected during routine clinical practice. The study was conducted in accordance with the Good Clinical Practice Guidelines issued by the International Conference on Harmonization, and German requirements for conducting an observational study; 
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Efficacy and tolerability of PF FC bimatoprost 0.03%/timolol 0.5% the study was approved by the independent ethics committee (Landesärztekammer Baden-Württemberg, Stuttgart, Germany). All patients provided written informed consent.
At the first visit, patients were assessed for baseline characteristics, including IOP and ocular symptoms, prior to commencing PF FC bimatoprost 0.03%/timolol 0.5%. Visits 2 and 3 occurred ~2-4 weeks and 8-12 weeks after initiation of PF FC bimatoprost 0.03%/timolol 0.5%. Because of the observational nature of this study, there was no washout period between treatment with prior therapy and PF FC bimatoprost 0.03%/timolol 0.5%, and there were no formal discontinuation criteria (treatment was discontinued at the investigator's discretion). The primary objective of the study was to assess the efficacy of PF FC bimatoprost 0.03%/ timolol 0.5% as measured by change in IOP from baseline to final visit (Goldmann tonometer). Other study assessments included physician assessment of efficacy and tolerability, patient assessment of tolerability, discontinuations during the study period, continuation of therapy beyond the end of the study period, treatment compliance, and AEs. All medical care and diagnostic procedures were provided at the discretion of the study investigators according to their clinical judgment and local standards of care.
Statistical analysis
A target population of 2,000 patients was planned to be recruited from ~200 centers across Germany. Data entry and analysis used software from Syndeed Medidata GmbH (Konstanz, Germany) and the statistical software package SAS (Version 9.3; SAS Institute Inc., Cary, NC, USA). Medications were analyzed on the basis of original entries and international nonproprietary names. Data analyses were performed descriptively and included preparation of data listings and summary statistics (extreme values, range, mean and median values, and SD) or frequency distribution tables, as appropriate for each item. Data for demographic characteristics at baseline, efficacy and tolerability assessments, discontinuation and continuation of therapy, and compliance compared with prior therapy were provided for the per-protocol population (patients with complete data and IOP 18 mmHg in at least one eye at baseline). AE data were provided for the safety population (all patients recruited). Hyperemia was graded using the standard bulbar conjunctival hyperemia scale: 0, none; +0.5, trace; +1, mild; +2, moderate; +3, severe (Allergan bulbar hyperemia grading guide). Patients with complete data were included for statistical analysis of change in IOP. A paired t-test at the two-sided 5% level was used to compare IOP at baseline with IOP at the final visit. A subgroup analysis to compare the reduction of IOP after switching from a prior therapy to PF FC bimatoprost 0.03%/timolol 0.5% was also performed.
Results
The PF FC bimatoprost 0.03%/timolol 0.5% monitoring period took place between November 2013 and December 2014 at 264 centers in Germany. A total of 1,553 patients (safety population) were included in the study. The perprotocol population (patients with IOP 18 mmHg in at least one eye at baseline) comprised 1,391 patients. There were no formal exclusion criteria for this study, and patients were treated according to the local standard of care by their physician. Therefore, there were some deviations from protocol: 39 treatment-naïve patients were included in the study and analysis, as were patients with reasons for switching treatment other than insufficient IOP control on previous therapy.
patient demographics
Baseline patient characteristics are presented in Table 1 . The mean (SD) age was 66.2 years (±12.0). The majority of patients had a diagnosis of open-angle glaucoma (OAG) (89.6%), and the median time since first diagnosis of OAG or OHT was 2.9 years (range 1.0-6.8 years). Relevant prior and/or concomitant medical history was recorded in 28.8% of patients, with cardiovascular disease and metabolic and nutritional disorders being most frequent. Most patients (97.2%) were previously treated with an IOP-lowering therapy. Of those patients previously treated, the majority (73.7%) had been prescribed a preservativecontaining IOP-lowering therapy and 16.2% had received prior PF therapy; data on this aspect were missing for 10.1%. Prior therapies reported in 5% of patients are shown in Figure 1 . Latanoprost and timolol were the most frequent prior therapies. In total, 54.1% of patients taking therapy prior to the study were on a monotherapy regimen; however, 24.4% of patients were taking two therapies, and 21.5% of patients were taking three or more therapies (Figure 2 ). Insufficient IOP control on earlier IOP-lowering therapy was the main reason for switching to PF FC bimatoprost 0.03%/ timolol 0.5% from a prior IOP-lowering therapy in 83.1% of patients (Table 2) .
Study treatment
The median duration of treatment with PF FC bimatoprost 0.03%/timolol 0.5% was 12.9 weeks (range 9.7-16.7 weeks). Almost all patients (96.9%) started therapy with one drop per day in the study eye and were receiving one drop per day at the final visit (94.3%).
effect on iOp
Data are presented for the study eye only. For patients with complete data at all visits, switching from a prior IOP-lowering therapy to PF FC bimatoprost 0.03%/timolol 0.5% decreased IOP from the baseline value by a mean of 6.1 mmHg (27.4%; Figure 3 ): mean ± SD IOP of 22.2±3.6 mmHg at baseline vs 16.1±2.9 mmHg at the final visit (n=1,321). The small number of treatment-naïve patients (n=34) included in the study experienced the largest reduction in baseline IOP at study end (11.2 mmHg, P0.0001).
For all prior therapy subgroups analyzed, PF FC bimatoprost 0.03%/timolol 0.5% significantly decreased IOP from the baseline value (Figure 3) . For patients on a prior IOP-lowering monotherapy, mean ± SD IOP was 22.2±3.3 mmHg at baseline and 16.0±2.8 mmHg at the final visit, a reduction of 6.2 mmHg (−27.9%; P0.0001, 
0001).
Patients who switched from combination therapies to PF FC bimatoprost 0.03%/timolol 0.5% also experienced significantly reduced mean IOP: from a baseline value of 21.7±3.1 mmHg to 16.2±2.7 mmHg at the final visit, a reduction of 5.4 mmHg (25.0%; P0.0001, n=329). Reductions in baseline IOP were significant (P0.0001) for all types of prior combination therapy, ranging from 4.7 mmHg (PGA/beta blocker, n=170) to 5.9 mmHg (carbonic anhydrase inhibitor/beta blocker, n=138).
There was no significant between-group difference for patients switching to PF FC bimatoprost 0.03%/timolol 0.5% from either a preserved or a nonpreserved prior therapy. For patients on a prior preserved IOP-lowering therapy, mean ± SD IOP was 22.1±3.2 mmHg at baseline and 16.1±2.8 mmHg at the final visit, a reduction of 6.0 mmHg (−27.3%; P0.0001, n=918). For patients on a prior PF IOP-lowering therapy, mean ± SD IOP was 21.8±3.1 mmHg at baseline and 16.2±2.5 mmHg at the final visit, a reduction of 5.6 mmHg (−25.8%; P0.0001, n=202). For all other prior IOP-lowering therapy subgroups analyzed, PF FC bimatoprost 0.03%/timolol 0.5% significantly decreased mean IOP compared with baseline (Figure 4) , including in patients switching from PF bimatoprost (a reduction of 5.6 mmHg; P0.0001, n=20). At the final study visit, the majority of physicians reported that the IOP-lowering efficacy of PF FC bimatoprost 0.03%/timolol 0.5% was better than or as expected (88.1%).
effect on ocular symptoms
Switching to PF FC bimatoprost 0.03%/timolol 0.5% resulted in improvements from baseline in the number of patients reporting ocular symptoms including moderate or severe hyperemia (78.8% reduction), dry eye (26.8% reduction), and moderate/severe eye pain (65.8% reduction) ( Figure 5 ). 
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Of the 148 patients reporting eye pain at the final visit, the improvement in symptoms was considered clinically significant in eleven (7.4%) patients.
aes and tolerability
Most patients (1,457/1,553, 93.8%) reported no AEs during the study period. AEs were recorded for 96 patients (6.2%), the most common being eye irritation (1.6%) and eye pruritus (1.0%) ( Table 3) . Physicians considered these to be possibly related to study medication in 55 patients and unrelated in 41 patients (not assessed in one patient; one patient reported 1 adverse event). No serious adverse drug reactions were reported. One fatal outcome was recorded in a patient aged 78 years. No further information regarding cause of death was available, but it was considered unrelated to the study medication. At the final study visit, the tolerability of PF FC bimatoprost 0.03%/timolol 0.5% was reported as being either "very good" or "good" by 89.8% of patients and 92.2% of physicians.
Continuation and compliance with pF FC bimatoprost 0.03%/timolol 0.5% Physicians rated patients' compliance compared with previous therapy as better in 53.8%, equal in 40.1%, and worse in 2.5% of patients (data missing for 3.6% patients). A minority of patients (6.5%) discontinued PF FC bimatoprost 0.03%/ timolol 0.5% therapy. For the 6.5% who discontinued treatment, the most common reasons for discontinuation were unacceptable ocular tolerability (43 patients, 34.1%) and insufficient IOP control (24 patients, 19.1%). Most patients (89.1%) were expected by their physicians to continue with PF FC bimatoprost 0.03%/timolol 0.5% therapy beyond the end of the study period.
Discussion
In this observational, open-label study, a PF formulation of FC bimatoprost 0.03%/timolol 0.5% was associated with an overall reduction in IOP of 6.1 mmHg (−27.4%) in patients with glaucoma after 12 weeks of treatment. This demonstrates that in clinical practice, PF FC bimatoprost 0.03%/timolol 0.5% can provide clinically meaningful improvements in IOP for patients who were not sufficiently responsive to prior therapy (83.1% of patients included in this study). Previous studies have demonstrated that reductions in IOP of 1 mmHg are associated with a 10%-19% decrease in the risk of glaucomatous progression. 20, 21 In this study, reductions from baseline IOP were seen in all prior therapy subgroups; patients on a prior monotherapy regimen experienced IOP reductions of 6.0-6.4 mmHg (27.3%-28.6%), while patients previously on combination therapy experienced reductions of 4.7-5.9 mmHg (22.2%-26.7%). Patients also reported substantial improvements in ocular symptoms with PF FC bimatoprost 0.03%/timolol 0.5%, including improvements in moderate/ severe hyperemia, dry eye, and moderate/severe eye pain. PF FC bimatoprost 0.03%/timolol 0.5% was rarely associated with AEs (6.2% of patients), and no unanticipated adverse reactions were reported.
In many cases, patients require more than one therapy to control their IOP; however, this may affect efficacy, tolerability, frequency of dosing, and cost. 9 It is, therefore, preferable to combine agents into an FC as this reduces the number of drops and preservative instilled each day, decreases cost, improves tolerability and compliance, and avoids a washout effect from instilling multiple agents in rapid succession. 22 The efficacy and tolerability of FC therapies compared with latanoprost, travoprost, bimatoprost, and timolol monotherapies, and unfixed combinations have been analyzed in a meta-analysis of 18 studies involving 14 Five studies included in the analysis demonstrated that FCs were less effective at reducing IOP than their respective unfixed combinations.
14 When compared with timolol monotherapy, the latanoprost/timolol FC led to a greater reduction in IOP than the bimatoprost/timolol or travoprost/timolol FCs; however, each FC led to a statistically significant reduction in IOP (P0.001). The analysis of FC compared with PGA monotherapy determined that the difference in IOP lowering was significantly greater between the FC and travoprost monotherapy (P0.0001) than that between the FC and latanoprost or bimatoprost monotherapy.
14 Tolerability (as measured by conjunctival hyperemia) was consistently better with FCs compared with monotherapy or unfixed combinations, and the relative risk was lower with bimatoprost compared with travoprost or latanoprost.
14 Thus, this meta-analysis determined that FCs were more efficacious and led to a lower risk of hyperemia than their individual components. 14 The significant reductions in IOP observed in this study concur with the finding that PF FC bimatoprost 0.03%/timolol 0.5% was associated with high levels of compliance in comparison with previous therapy. The majority of physicians (93.9%) rated patients' compliance with PF FC bimatoprost 0.03%/timolol 0.5% as better than or equal to that with their prior therapy. This level of compliance, reported in comparison with previous therapy, is interesting given that patients were prescribed self-administered medications. Typically, patients only take approximately half of their prescribed doses, and few data are available to provide insight into how adherence can be improved to realize the full health benefits of medicines. 23, 24 The efficacy and tolerability findings reported here are consistent with those from previous studies assessing the preserved formulation of FC bimatoprost 0.03%/timolol 0.5%, indicating that the PF formulation provides a suitable option for patients who may be sensitive to preservatives. A large combined study reported significant IOP lowering over 12 weeks from baseline with FC bimatoprost 0.03%/timolol 0.5% in patients who were switched from prior therapies of PGAs, beta blockers, and FCs (IOP reduced by 24.5%, 25.9%, and 21.4%, respectively). 17 The same study also reported excellent tolerability, with 9.7% of patients on FC bimatoprost 0.03%/timolol 0.5% reporting AEs. The findings from our observational study are also consistent with the efficacy and safety findings from a randomized controlled trial of PF FC bimatoprost 0.03%/timolol 0.5% conducted in patients with OAG or OHT, without signs of OSD. The principal conclusion was that PF FC bimatoprost 0.03%/timolol 0.5% demonstrated noninferiority and equivalence in IOP lowering compared with FC bimatoprost 0.03%/ timolol 0.5%, with differences between the treatments in IOP lowering consistently favoring PF FC bimatoprost 0.03%/ timolol 0.5%. 18 This study also provided insight into the types of patients initiating PF FC bimatoprost 0.03%/timolol 0.5% in everyday clinical practice in Germany. Patients tended to have a diagnosis of OAG (89.6%) and to have been diagnosed with glaucoma/OHT for ~3 years (median 2.9 years). Patients were commonly prescribed PF bimatoprost 0.03%/timolol 0.5% because of insufficient IOP control (83.1%) or intolerability to prior IOP-lowering therapy (34.9%). Timolol and latanoprost were the most common prior therapies. PF FC bimatoprost 0.03%/timolol 0.5% was generally used in accordance with the prescribing information; almost all patients were prescribed the recommended dose of one drop per day. 19 Taken together, the results of this study demonstrate significant IOP-lowering efficacy for PF FC bimatoprost 0.03%/timolol 0.5% in everyday clinical practice. PF FC bimatoprost 0.03%/timolol 0.5% represents an effective treatment option for patients whose IOP was insufficiently controlled with prior preservative-containing or PF therapies, as well as those sensitive to preservatives.
Study limitations
This open-label, observational study looked at the efficacy and AE profile of, and compliance to, PF FC bimatoprost 0.03%/timolol 0.5% therapy in routine clinical practice. It was not possible to compare the IOP-lowering efficacy and safety of PF FC bimatoprost 0.03%/timolol 0.5% directly with that of prior IOP-lowering therapies. A standardized procedure for recording data was not used; therefore, factors such as the time at which the measurement was taken and the method of recording free-text entries may affect the results. Data on pseudoexfoliation glaucoma and pigmentary glaucoma were not requested by the protocol; however, due to the observational nature of the study, some such data were provided. There was no washout period between any prior IOP-lowering therapy and beginning PF FC bimatoprost 0.03%/timolol 0.5% therapy, so any residual effects of prior therapies could have influenced the results. Where therapy was rated as better than or equal to the previous therapy, it is not known whether patients had good or bad compliance previously, as this was rated subjectively by physicians. Patients in clinical studies often demonstrate improved adherence, which may affect the results. The 12-week duration of the study did not allow for longer term evaluation of safety and efficacy. Patients were switched to PF FC bimatoprost 0.03%/timolol 0.5% therapy from a previous therapy, so the low frequency and severity of side effects reported in this study could have been due, in part, to the fact that they were not treatment naïve. Patients were selected and data recorded at the discretion of the treating physician.
Conclusion
Based on the results of the current study, PF FC bimatoprost 0.03%/timolol 0.5% was effective in lowering IOP and improving ocular symptoms in a large cohort of patients. AEs were uncommon, no unanticipated side effects were reported, and compliance was good when compared with previous treatment.
In clinical practice, patients with insufficiently controlled IOP by previous topical glaucoma therapy may benefit from treatment with PF FC bimatoprost 0.03%/timolol 0.5%. Further clinical studies with a longer study duration and increased patient numbers would allow further evaluation of the safety, efficacy, and compliance of PF FC bimatoprost 0.03%/timolol 0.5% in clinical practice.
